The other statewide hospital is SCH, located in the inner eastern Sydney area. Both pediatric hospitals serve the state of New South Wales, which has a population of approximately 7 million people. The admission figures from 2003 show that 286 pediatric patients with a head injury were admitted to CHW, approximately 10% of whom had suffered severe closed head injuries. These numbers include accidental as well as nonaccidental injuries. During the same time, SCH admitted 166 pediatric patients with head injuries. This scenario would obviously indicate a draining population of at least 4 million people for CHW, although it is not yet possible to provide detailed information about the exact regions. Given the fact that both units are only 30 km apart, we would expect a large overlap. The patient bases are similar at the two hospitals except for "intracranial injuries" (diagnosis-related group category B78Z), for which the mean hospital stay is twice as long at CHW (7.8 days) than at SCH (3.9 days), indicating that CHW treats more severely injured children than does SCH. Unfortunately, it was not possible to obtain further information about the likelihood that affected patients would go to CHW as opposed to SCH. The general incidence of single-parent families in the draining population, as well as other demographic factors, are also unknown.
With local institutional review board approval, we evaluated the demographics, clinical and radiological features, and clinical outcomes of these 65 patients. The study included all cases of inflicted head injury in children younger than 6 years of age who presented over a 7-year period between January 1995 and December 2002. Table 1 summarizes the number of cases per year.
The diagnosis of nonaccidental head injury had been established following investigations by a multidisciplinary Child Protection Team, which consisted of detailed family interviews, multidisciplinary medical and surgical assessments of all injuries, an ophthalmological examination, and exclusion of underlying diseases and accidental injuries.
Results

Patient Population
The mean age of the patients was 8.2 Ϯ 9.1 months (mean Ϯ standard deviation; range 0.5-46 months). There were 39 boys (60%) and 26 girls (40%). There were 53 patients of European-Australian background, two from an Arabic family, two from a Turkish family, one of Chinese background, five from families with aboriginal members, and two patients of Maori or Pacific Island backgrounds.
The perpetrators were known in 41 cases. The most frequent known perpetrators were the fathers (37%), maternal male partners (31%), mothers (15%), other relatives (10%), and babysitters (7%). The maternal age was recorded in 50 cases and the mean was 22.6 Ϯ 4.5 years (range 15-33 years). The age of the father or other male guardian was recorded in 44 cases and the mean was 24.5 Ϯ 4.7 years (range 16-33 years).
Among the risk factors studied, family disruption and separation were the most prominent, affecting 48% of the children. Notably, there was a history of abuse of the child or other family member in 24% of cases.
A history of premature birth was present in 16% of cases. A history of mental illness or drug and alcohol abuse was present in 14% of cases. Two patients had twin siblings. Four patients had a history of neonatal distress or sepsis. A history of recurrent respiratory illness was given in four cases only.
Clinical Features and Treatment
The primary clinical presenting features are summarized in Table 2 . Patients were categorized depending on their level of consciousness into three groups as illustrated in Fig. 1 . Seven patients presented primarily for investigation of scalp and facial bruising.
Overall, a history of trauma was present in 31 patients (48%); however, the mechanisms of trauma provided on admission were inconsistent with the child's developmental stage in the majority of cases (71%). In 19 cases scalp hematomas were present, and facial bruising was observed in 25 cases. Truncal bruising was seen in six patients, and limb bruising was present in five patients. An admission to a nonaccidental injury was made at some stage during the period of hospitalization in 14 cases only.
Fifty-eight patients (89%) underwent ophthalmological evaluations, which revealed 34 patients (59%) with retinal hemorrhage. Of these, six cases were unilateral and 28 cases were bilateral.
Thirty-five patients (54%) had seizures preceding or on admission. Seventeen patients (26%) were documented to have epilepsy on follow-up examinations.
The mean duration of hospital stay was 18.7 Ϯ 19.2 days (range 1-127 days). Thirty patients (46%) required intubation on admission.
Neuroimaging Findings
All patients were evaluated using at least one CT scan, which was obtained on admission. Thirty-seven patients (57%) were investigated using MR imaging, which was performed in all patients who did not improve clinically. Magnetic resonance imaging was not performed in three patients because they died. These procedures were performed a median of 5 days after admission (range 1-10 days). In four patients, MR imaging demonstrated evidence of ischemia or infarction not seen on the admission and progress CT scans. Evidence of shearing injury not evident on CT scanning was seen on MR imaging in three patients. Parenchymal contusion or hemorrhage not seen on CT scanning was evident on MR imaging in three patients. Small SDHs or traumatic subarachnoid hemorrhages not identified on CT scanning were demonstrated in eight patients on MR imaging. The results of the imaging studies are summarized in Tables 3 and 4 . In summary, MR imaging revealed additional pathological findings not visible on CT scanning in 18 (49%) of 37 patients.
Accompanying Extracranial Injuries
Two patients also suffered abdominal trauma. Blunt abdominal injury was suspected to have resulted in hepatic injury in one patient and renal injury in the other. Of these, one also had coexisting thoracic trauma consisting of rib fractures and pneumothorax. One patient was primarily brought to the hospital by the parents for treatment of burns involving the forearm and the hand and was found to be unresponsive at the time of assessment. Three other patients who primarily presented with manifestations of their head injury were found to have significant burns. One of them had extensive splash burns on the limbs and the trunk. Another had burns over the dorsum of the feet, and the third had hot water burns on the forearm. The same patient also had evidence of a ruptured labial frenulum.
Sixty of the 65 patients were investigated for skeletal injuries with bone scans and/or skeletal surveys. Of these, 33 patients (55%) were found to have evidence of extracranial skeletal injuries, although clinical evidence for these injuries existed in 12 patients only (20%). Eighteen patients (30%) had evidence of multiple areas of skeletal injury and 24 (40%) had evidence of limb fractures (these were clinically evident in only six patients and were suggested to be old or healing in the remaining 18 patients). Seventeen patients (28%) who underwent screening for bone trauma were found to have evidence of rib fractures that had been clinically suspected in only four patients. Two patients (3%) had evidence of facial fractures. These were associated with clinical evidence of recent injury. Five patients (8%) had evidence of spinal injury. Two patients had evidence of stress reactions on bone scans involving the costovertebral region at multiple levels. Compression fractures were identified in two patients involving T-12 and L-2 in one and L-2 and L-3 in the other. One case of an epidural hematoma in the cervicothoracic region was not associated with any obvious fracture. Table 5 lists the frequency of extracranial injuries.
It is noteworthy that 80% of patients with a positive bone scan had no clinical findings suggestive of limb or trunk injuries on admission. Most of these patients had radiological features suggestive of old or subacute and healing injury, which may explain the absence of clinical signs for the underlying abnormality.
Surgical Procedure
A total of 35 operations were performed in 17 patients (Table 5) tions that required reevacuation. In two patients, a shunt was inserted as the primary measure for achieving drainage of the subdural collection. In the other four patients, attempts were made to drain the subdural collections by reopening previous burr holes at least once. Subdural fluid collected again in all of these patients, and eventually a subdural-peritoneal shunt was inserted.
The indications for craniotomy included repair of growing skull fracture (two patients), acute SDH (one patient), and subdural empyema as a postoperative complication of drainage of SDHs (one patient).
Outcome Assessment
Follow-up data were available in 56 patients (86%). Information from the most recent follow-up reports was used to assess outcome. The median follow-up period at the time of the latest assessment was 20 months (range 1-73 months). Nine patients (16%) had epilepsy documented in their follow-up records. The GOS scores at discharge and follow up are summarized in Tables 6 and 7 . Only one of the patients who died was among the 24% who had questions raised previously regarding their care. The GOS scores, which were used to assess outcome at discharge and most recent follow up, are shown in Table 8 .
Care Arrangements
Care arrangements after discharge were known for 59 patients (91%). Twenty-nine patients (49%) were placed in the care of foster parents. Fifteen patients (25%) were discharged to the care of relatives, and 14 patients (24%) were discharged to the care of their parents.
Statistical Analysis
Statistical Analysis was performed using the standard software package Intercooled Stata, version 6 (Stata Corp., College Station, TX). A chi-square test was used to assess the correlation between various clinical and radiological features and the clinical outcome. Patients were categorized as having a poor outcome if their GOS score was 3 or less and a good outcome if their GOS score was 4 or 5. No statistically significant correlation was found between GCS score, sex, presence or absence of skull fractures, funduscopy findings, or presence of other injuries and outcome. Chi-square and linear regression tests did not reveal a significant correlation between age and outcome. The only statistically significant correlation was seen between radiological findings suggestive of ischemia or edema on CT or MR imaging procedures (p = 0.009). No significant change in GOS score occurred at the time of discharge or on follow up.
Discussion
The shaken baby syndrome is a clinical entity first described by Caffey 2 in 1972. Caffey coined the term whiplash shaken baby syndrome to express a constellation of infantile subdural and subarachnoid hemorrhage, traction type metaphysial fractures, and retinal hemorrhages and was based on evidence that angular (rotational) deceleration is associated with cerebral contusion and SDH. 2, 3 The epidemiological characteristics of our study population were consistent with previously published data. [11] [12] [13] 16 Risk factors identified included young parents, unstable family situations, low socioeconomic status, and prematurity of the child. The relationship between perpetrators and the victims was studied by Starling, et al., 18 who determined that the most frequent perpetrators were the fathers (37%), followed by the mothers' boyfriends (20.5%). These authors evaluated the relationship of the perpetrators to the victims in a more recent study of two separate populations, which demonstrated that 45% of cases of inflicted head injury were committed by the fathers, followed by 25% inflicted by the maternal male partners. 17 Similarly, in our study the most frequent perpetrators were the fathers (37%) and the maternal male partners (31%). In our series, a history of family separation and disruption was present in 48% of cases. King, et al., 12 similarly report a significant incidence of poverty (28% of families) and unsafe and inappropriate environments (20% of families).
In our series, 16% of the affected children were born prematurely, which is higher than the general population rate of approximately 7.2%. 14, 15 As with previously published data, there was a male preponderance in the present series. [10] [11] [12] This may stem from cultural expectations that males should cry less and should withstand rougher handling. A sad observation was that in 24% of cases the families were already known to have a history of abuse of the child or of other family members. These percentages are in keeping with a recent study by King, et al., 12 demonstrating a high rate of previous maltreatment of the victims (60%) and involvement of the families with the child welfare authorities (20%). These findings emphasize the important role of identification of child abuse and at-risk families and timely intervention by social services in prevention of inflicted head trauma. Demographic information is also important because nonaccidental head injury is a public health issue as much as or more than a neurosurgical one. The development of meaningful prevention strategies, such as education regarding the risks of shaking infants and the irreversibility of injuries sustained, or the installation and promotion of "crying baby phone hotlines" for desperate parents, are more likely to make inroads into this disease than are neurosurgical alterations of care. Regrettably, the neurosurgeon can do very little for damaged pediatric victims of nonaccidental head injury. Previous abuse is one marker, and nonaccidental head injury also occurs at a higher incidence in younger, more disrupted families. These are useful targets to use in identifying children at risk.
The presenting signs and symptoms of nonaccidental head injury can be subtle and nonspecific, which means that a high index of suspicion is required when infants and young children present with general symptoms of lethargy or drowsiness. A history of trauma is not given in many instances. When such a history is provided, it is often inconsistent with the injuries sustained and the child's stage of development. The characteristic radiological features and the high incidence of retinal hemorrhages emphasize the importance of these findings in establishing the diagnosis of nonaccidental head injury. The majority of patients with a positive bone scan did not have any clinical findings suggestive of limb or trunk injuries on admission. The finding of old fractures involving the metaphysial plates or the costochondral junction are highly suggestive of nonaccidental injury.
An association was seen between the radiological finding of ischemia or cerebral edema and a poor neurological outcome. This finding is consistent with a previous publication by Holloway, et al., 10 who demonstrated a correlation between the finding of cerebral edema on CT scanning and severe motor disability. In our series, MR imaging proved more sensitive in depicting ischemic changes than did CT scanning. This result emphasizes the importance of the former imaging modality in predicting outcome in cases of nonaccidental head injury. Magnetic resonance imaging can be useful in the overall treatment and assessment of the patient but it may not be appropriate in the early, critical stages of treatment. This perspective is supported by the fact that intracranial lesions can evolve and are better seen on imaging after the acute phase. In addition, many of these children are fairly ill and/or have significant intracranial pressure concerns on admission, so that an MR imaging procedure would not be advisable. Furthermore, Suh, et al., 19 have suggested that diffusion-weighted MR imaging enhances the sensitivity of conventional MR imaging in the early detection of infarction in children with nonaccidental head injury and that the use of this modality may help to identify children at high risk for poor neurological outcomes.
Biomechanical studies have revealed that the angular deceleration can be significantly increased when the head of an infant model sustains direct impact in addition to shaking. When such a surface is soft, forces of direct impact will be dissipated and obvious surface signs of trauma will not be seen. 5 In our study, we demonstrated no statistically significant difference between patients with or without extracranial evidence of focal trauma as evidenced by the presence of skull fractures. This observation supports the hypothesis that it is the sudden angular deceleration experienced by the brain and the cerebral vessels-and not the visible contact forces applied-that results in the injuries seen in abusive head trauma in children. A lack of a significant difference in outcome between patients with or without evidence of cranial impact has also been reported by Haviland and Russell 9 in a study of outcome after severe nonaccidental head injury. Furthermore, a histopathological study of 37 infants who died of inflicted head injury found global hypoxic damage to be the most common pathological abnormality. 7, 8 The acceleration-deceleration forces of shaken baby syndrome can either cause vascular axonal damage directly or focal axonal injury to the brainstem, which could result in the episode of apnea or cardiorespiratory arrest 7, 8 (as was recorded in 18% of the patients in our series). Apnea in turn leads to widespread vascular axonal damage and global hypoxic injury.
Our review of the operations performed in this study population suggests that recurrence of subdural collections occurs in nearly half of patients treated with burr hole drainage for chronic SDHs. In this group, reevacuation of the collection through previous burr holes did not treat the condition definitively and all patients eventually required a subdural-peritoneal shunt. We suggest that this procedure be performed in cases of recurring subdural collections as the primary measure to avoid unnecessary surgical morbidity and expense.
The outcomes of patients presented in the current study compare favorably with the previously published data. In our series, a smaller proportion of patients died or were left with significant neurological disability in comparison with previous studies. Duhaime, et al., 4 reported a mortality rate of 26% in a series of 84 patients with nonaccidental head injury. In the series of Holloway, et al., 10 14% of the 49 patients died and 39% were severely disabled. In the study of King, et al., 12 of 364 patients, 19% died and 60% survived with moderate-to-severe neurological disability or remained in a vegetative state. In our series, four patients (6%) died and 21 patients (31%) remained severely disabled or in a vegetative state. Our study also had a higher 12 and 18% reported by Holloway, et al. 10 ). Whether the lower mortality and morbidity rates in our series are unique to this sociopolitico-geographical group or whether they represent progress in the prevention, recognition, and treatment of this group of patients may become clearer with future reports from other centers. Conceivably, the profile of the injury to the child could differ between perpetrators (for example, momentary frustration compared with manifestation of overwhelming despair). It is also possible that the condition of nonaccidental head injury is recognized by external or inhospital medical practitioners in our region more effectively than in other regions, which may prevent further and/or more severe injury. In any event, the outcomes associated with nonaccidental head injuries continue to remain devastating to children, even in the present series.
Conclusions
We have evaluated the local demographics of nonaccidental head injury. The nonspecific clinical presentations of this type of injury is demonstrated by our series, emphasizing the need for awareness by all medical practitioners of this condition and its varied presentations. Our findings support the routine use of MR imaging in depicting ischemia, because it is associated with a poor neurological outcome. Routine screening of suspected cases of nonaccidental injury with bone scans and skeletal surveys is supported by the high rate of subclinical skeletal injuries identified in our series. The recurrence of subdural collections can be best treated by insertion of a subdural-peritoneal shunt. The high frequency of families with a history of abuse in our series emphasizes the need for implementing prevention strategies to identify at-risk families and vulnerable children and to attempt to create safer environments for victims and relatives at risk.
